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ao término do ano letivo. Resultados revelaram correlações significativas entre desempenho escolar e todas as medidas, exceto atenção. Os desempenhos nos testes cognitivos explicaram até 66% das notas escolares das crianças. Inteligência, linguagem e funções executivas relacionaram-se ao desempenho escolar, porém linguagem e funções executivas, especialmente a flexibilidade, podem ser considerados como preditores importantes na compreensão do desempenho de estudantes do 5º ano. Implicações incluem a avaliação e delimitação de intervenções para promoção dessas habilidades.

Palavras-chave:
School performance is a multidetermined variable influenced by biological, cognitive, emotional, educational, socio-cultural, and economic factors, among others (Siqueira & GurgelGiannetti, 2011) . The importance of investigating and understanding its determinants and associated variables arise from national and international evidence of poor performance of Brazilian students. For example, the Programme for International Student Assessment (PISA) between 2000-2012, carried out by the Organisation for Economic Cooperation and Development, have repeatedly highlighted the poor performance of Brazilian students, compared to students from other countries, not only in reading but also in science and mathematics (Organisation for Economic Co-operation and Development, 2013) .
Intelligence has been one of the most widely studied cognitive constructs associated with academic achievement and consequently with school performance Dodonova & Dodonov, 2012; Oliveira & Soares, 2011; Spinath, Freudenthaler, & Neubauer, 2010) . Despite the numerous theories of intelligence, including the general factor, g, proposed by Spearman and the hierarchical model of CattellHorn-Carroll, known as CHC (McGrew, 2009) , the very definition of intelligence shows it is related to learning. For example, according to Sternberg (2008) , intelligence is the ability to learn from experience. Corroborating this idea, in 1997, the journal Intelligence published an op-ed statement signed by leading researchers in the field defining intelligence as a general mental capability that involves the ability to reason, plan, solve problems, and think abstractly, and, once again, learn from experience (Flores-Mendoza, 2010) .
Evidence suggests that intelligence is a significant predictor of school performance in children and adolescents Dodonova & Dodonov, 2012; Oliveira & Soares, 2011) . Although some specific components (e.g., verbal reasoning or numerical reasoning) have also been associated with performance of students, considerable importance can be attributed to the g factor in explaining school performance . There is also some evidence suggesting that programs aimed at improving intelligence can lead to the development of academic skills (Zampieri, Schelini, & Crespo, 2012) . On the other hand, although extremely important in the learning process, the relationship between intelligence and school performance seems to vary across grade levels, i.e., it tends to become less strong as the grade level increases, and it is likely that other abilities also play an important role throughout the school years . Moreover, some studies have shown that other cognitive abilities are related to school performance. Among them is spoken language, and, more recently, executive functions.
The association between oral language and academic performance, more specifically reading performance, is already well established and widely explored in the literature (Cutting, Materek, Cole, Levine, & Mahone, 2009; Monteiro & Soares, 2014; Seabra & Dias, 2012a; Skibbe et al., 2008) . There is evidence of the particular contribution of specific oral language and reading skills, i.e., Phonological Awareness (PA, ability to identify and manipulate sound segments in words), to word recognition and contribution of vocabulary (a set of words which convey a meaning) to reading comprehension (Seabra & Dias, 2012a ). In addition, evidence suggests that these reading skills are also related to school performance (Dias, Seabra, & Montiel, 2015) .
Based on this knowledge, the oral language skills selected to be used in the present study were PA and vocabulary. In addition to being important in the beginning of formal learning and to the fact that even at an early age these skills may predict later proficiency in reading (Torppa, Lyytien, Erskine, Eklund, & Lyytinen, 2010) , PA and vocabulary continue to develop throughout the school years and to influence student performance. For example, vocabulary is notably developed up to 12 years of age (Papalia, Olds, & Feldman, 2009) , and even in 5th grade (10 years old) students, along with syntactic knowledge, it is an important predictor of reading comprehension (Mokhtari & Niederhauser, 2013) . Similarly, evidence also suggests that the level of reading comprehension skills in the 4th grade contributes to the rate of vocabulary growth in later years (Duff, Tomblin, & Catts, 2015) . On the other hand, PA is a predictor of reading proficiency, even in adolescents with or without reading difficulties (Kairaluoma, Torppa, Westerholm, Ahonen, & Aro, 2013) . However, there is a reciprocal causality, in which lower levels of PA affect reading and writing acquisition and, in parallel, the progressive mastery of these skills can promote the development of more complex PA (Gombert, 2003) . This is evident, for example, in the fact that in unschooled adults some aspects of PA are not fully developed (Mota, Vargas Romero, Kaminski, Vidor-Souza, & Berticelli, 2012) .
Strong evidence of the association between oral language and student performance can also be found in the literature. For example, Tenório and Ávila (2012) found significant correlations between the academic performance of students in the early years of elementary school in reading, writing, and arithmetic and their performance on a phonological processing test, especially when considering the measures of PA. In fact, oral language skills have been considered the main predictors of written language performance (Capovilla & Dias, 2008; Dias & Seabra, 2012; Scarborough, 2009; Skibbe et al., 2008; Torppa et al., 2010) . There is also evidence of the causal relationship between these skills (Cuadro & Trías, 2008; Seabra & Capovilla, 2011) .
More recently, some authors have highlighted the role of another set of skills, Executive Function (EF), in learning and school performance (Blair & Diamond, 2008; Diamond, 2013; Seabra et al., 2014) . EF is a set of processes that allow individuals to regulate their behavior, emotions and information processing (Lezak, Howieson, & Loring, 2004) . A current model considers three core EF: 1) inhibition, which enables the individual to inhibit inappropriate responses and distracting stimuli; it is related to the ability to control attention; 2) working memory, which allows for maintenance and manipulation of information; and 3) cognitive flexibility, the ability to change the focus of attention and consider different alternatives in the face of new and unexpected situations (Diamond, 2013) .
There is evidence linking EF and school performance across a wide age range and in specific domains (see Seabra et al., 2014 for a complete review). For example, Best, Miller, and Naglieri (2011) evaluated children and adolescents (5-17 years) and found a relationship between executive function skills and academic performance in arithmetic and reading in all age groups. Moreover, among the executive function skills, some authors have highlighted the role of working memory in learning, suggesting that poor working memory skills constitute a risk factor for school failure. Those authors reiterate that working memory at the start of formal education is a more powerful predictor of subsequent academic success than Intelligence Quotient (T. Alloway & Alloway, 2010) .
Furthermore, experimental studies (reviewed by Diamond & Lee, 2011) suggest that the relationship between EF and school performance is causal since intervention programs that promote EF development tend to transfer their effects to school performance. According to Meltzer (2010) , this can be understood by the fact that children with EF difficulties often experience an overload of information, which can lead to disorganization and problems when beginning, resuming or completing tasks, affecting their performance in several areas. As a result, their grades would not reflect their actual intellectual ability (Meltzer & Bagnato, 2010) . Recently, a Brazilian study with children aged 2 to 5 years confirmed the relationship between EF and student performance in the three skills of writing, reading, and arithmetic, regarded as the fundamentals of education (Fonseca, Lima, Ims, Coelho, & Ciasca, 2015) .
According to the aforementioned discussion, it can be said that several studies have confirmed the relationship between school performance and intelligence, language, and EF. In fact, at the national level, research groups have devoted their attention to neuropsychological assessment of children and adolescents and to investigating the relationship between cognitive ability and school performance and learning (or learning difficulties). The importance of these studies has been highlighted since many cognitive components are involved in the learning process (Oliveira, Rodrigues, & Fonseca, 2009 ). For example, it is known that in children in the early grades of elementary school, vocabulary and working memory are significant predictors of performance in word reading and reading comprehension tests (Piccolo & Salles, 2013) . Another study showed that working memory, EF, and the ability to write words and non-words are affected in 4th-6th grade students with reading comprehension difficulties (Corso, Sperb, & Salles, 2013) . On the other hand, there has been relatively less focus on mathematic skills in the scientific literature (Oliveira et al., 2009 ).
Accordingly, the present study addresses the abilities of three domains: intelligence, oral language, and EF. To measure school performance, an ecological measure was used, i.e., the students' bimonthly grades in all subjects throughout the school year. Therefore, the objectives of this study are: 1) investigate the relationship between school performance, specifically the bimonthly grades obtained during a school year, and intelligence (g factor), oral language skills (PA and vocabulary), and EF (attention, working memory, and cognitive flexibility); 2) investigate explanatory models for school performance in order to determine whether oral language and EF can contribute to student performance even after controlling for intelligence and, if confirmed, to compare the relative contributions of each one of them. The sample studied comprised students in 5th grade, last year of elementary school (Ensino Fundamental-I, EF-I in Brazil), an important period for the acquisition of basic skills. Thus, the present study will determine which skills are associated with and can contribute to school performance at the end of the first cycle of basic education. It is essential to understand the skills or abilities associated with school performance because they can help identify the causes for poor performance and the development of intervention strategies seeking improvement or problem solving.
Method Participants
A total of 87 students in 5th grade of a public elementary school (EF-I in Brazil) in the metropolitan region of Campinas, a city in the state of São Paulo (111,620 inhabitants, according to 2014 Instituto Brasileiro de Geografia e Estatísti-ca CensusBrazilian Institute of Geography and Statistics) participated in this study. The participants were aged between 9 and 11 years (M = 9.72, SD = 0.58), and 64.4% were girls. The exclusion criterion was the presence of intellectual disability (percentile < 5), according to the Raven's Coloured Progressive Matrices (CPM) test, but this criterion was not met, and therefore no participants were excluded. In addition, according to school records, among the students in the sample, there was no child with uncorrected sensory impairment or known syndromes or psychiatric and neurological disorders. On the other hand, children with a history of grade retention were excluded from participation (total exclusions = 3, including 2 children with one retention and 1 child with two retentions). The participating school was selected for convenience, and it was located in a neighborhood with mediumlow socioeconomic status and serves children from that neighborhood.
Instruments
Raven's Coloured Progressive Matrices Test -special scale (Angelini, Alves, Custódio, W.F. Duarte, & Duarte, 1999) : a non-verbal assessment of general intelligence, specifically Spearman's g factor. The test items are presented in the form of visual patterns with a piece missing. The individuals have to choose the correct missing piece from a list of options. The special scale is intended to measure children from five to 11 years old. Administration time is estimated to take 30 minutes. The total score (number of correct answers) was converted into percentile according to the age of the participants.
Phonological Awareness Test by Oral Production (PCFO, Prova de Consciência Fonológica por Produção Oral) (Seabra & Capovilla, 2012) : assesses the ability to manipulate the sounds in spoken language. The test is composed of ten subtests including the assessment of supraphonemic and phonemic components: syllable synthesis and segmentation, phoneme synthesis and segmentation, rhymes and alliteration judgment, syllable and phoneme manipulation, and syllable and phoneme transposition. Each subtest is composed of two training items and four test items. See Seabra and Dias (2012b) (Seabra & Dias, 2012c) : evaluates cognitive flexibility. It consists of the presentation of letters (A to L) and numbers (1 to 12) randomly arranged on a single sheet. The task is to connect the items following an alternating numeric and alphabetic sequence. There is a one-min limit for the administration of the test. The score is given per sequence, i.e., the number of items correctly connected in an unbroken sequence. See Dias, Menezes, and Seabra (2013) (Seabra & Dias, 2012c) : evaluates aspects of selectivity and attention switching. It consists of three parts; each one contains a matrix with different stimuli (geometric shapes). The task is to identify all stimuli that are the same as the target stimulus. In the first part, the target stimulus is a single geometric figure; in the second part, the target stimulus is composed by two geometric figures. Both parts 1 and 2 assess selective attention. The third part evaluates selective and alternating attention as the target stimulus changes every line. The administration time is one minute for each part. The score used was the number of correct answers (number of target stimulus correctly canceled) in the entire test. See Dias et al. (2013) (Primi, 2002) : assesses auditory working memory. It is a computerized test, in which sequences of 2 to 10 items (words and numbers) are presented orally to the individual. The task is, firstly, to repeat the words in the same sequence they hear, and then to repeat the numbers in ascending order. The total score of correct sequences was used. Administration time is estimated to take 10 minutes. See Dias et al. (2013) for evidence of validity of this test. (Primi, 2002) : assesses visual working memory. It is a computerized test, in which one to four 3 x 3 matrices with a stimulus in each matrix are displayed on the screen. The individual then sees the spatial manipulations that are represented by arrows, indicating the stimulus' direction of motion. After executing the manipulations, the individual has to select with the mouse the final position of the stimulus. The total score of correct items was used. Administration time is estimated to take 20 minutes. See Dias et al. (2013) for evidence of validity of this test.
Visual Working Memory Test (MTV, Teste de Memória de Trabalho Visual)
School grades were provided by the school board at the end of the school year. They were the participants' grades in the four quarters in Portuguese, Mathematics, Science, History,
Procedures
The present study was approved by the Research Ethics Committee (Protocol nº 137/04) and was conducted after approval of the Municipal Secretary of Education. The participants included only the students who expressed interest and whose parents signed the written informed consent form. They were assured that all information collected would be kept strictly confidential, and the study was carried out in compliance with all ethical requirements. The assessments were carried out in the 2nd semester of the school year. Initially, the TMTB and TAC instruments were collectively administered in a class session. The other instruments were then individually administered in five sessions in a separate room provided by the school during the regular school year. As previously mentioned, the bimonthly school grades were provided by the school board at the end of the year, and the average performance of the school year was determined.
The IBM-SPSS Statistics 20 (Statistical Package for Social Sciences, version 20.0) was used. A descriptive analysis of the cognitive test scores and school performance was carried out. Two school performance measures were considered: 1) the overall average performance in four academic quarters in all disciplines, namely Portuguese, Mathematics, Science, History, Geography, Arts, Physical Education, Computer Science, and English (Total School Performance); 2) the average performance in the four academic quarters in the five academic core subjects: Portuguese, Mathematics, Science, History, Geography (Core Discipline Performance). The Pearson correlation coefficient between the evaluated skills and school performance was calculated, and hierarchical regression analyses were carried out to identify different explanatory models for school performance. The variables added to the regression analysis were selected based on the correlation analysis (only moderate correlations were considered). The criterion variable was the Total School Performance, which showed stronger correlations with the other variables than that with the Core Discipline Performance. The explanatory variables used were the scores obtained in the Raven, PCFO, PPVT, TMTB-sequences, and MTA tests.
Two regression analyses were carried out. In the first one, intelligence was initially added as the explanatory variable (Step 1); next, the language variables (Step 2) were added, and finally the EF variables (Step 3) were added. In the second analysis, the entry order of the variables in the 2nd and 3rd steps was reversed. Thus, after controlling for intelligence ( Step 1), the EF measures (Step 2) were added, and then the other measures were added (Step 3).
Results
Descriptive statistics for each cognitive and school performance measure are shown in Table 1 . Significant correlations were observed between school performance and the cognitive measures, except for the TAC measures. High correlations were observed between school performance and language measures (PCFO and PPVT), moderate correlations between school performance and general intelligence (Raven), and moderate to low correlations between school performance and EF measures (moderate correlations with TMTB and MTA, and low with MTV). The coefficients are shown in Table 2 .
The measures (variables) to be included in the regression analysis were selected based on the correlation analysis. The hierarchical model was chosen to test whether the language and EF measures could contribute to academic performance even after controlling for intelligence. The resulting explanatory models are presented in an integrated manner in Table 3 (all with satisfactory adjustment (p < 0.001).
In the first analysis, the test Raven, included as an explanatory variable in the first step (model 1), explained 34% of variance in student performance. In the second step, the inclusion of the language variables increased the explanatory power of the model to 59% (second model). Both language variables were important predictors of school performance, and with their inclusion, intelligence prediction was no longer significant. In the third step, the EF variables were added, generating a very consistent model (model 3), able to explain up to 66% of school performance. In this model, PA, vocabulary, cognitive flexibility, and (although marginally significant) auditory working memory have statistically significant regression coefficients; the intelligence measure still had no significant contribution.
In the second analysis, the first step was similar to that of the previous regression (model 1). However, in the second step, the EF skills were included generating a model (2b) able to explain up to 51% of the variance in school performance, with all variables included (Raven, TMTB-sequences, MTA) contributing with statistically significant regression coefficients. Finally, in the third step, the language variables were added, yielding similar results to those of the third step of the previous regression (model 3). It is worth mentioning that with the inclusion of the language measures, the performance of working memory was no longer a significant predictor of school performance (as it was in the second step), possibly due to the shared variance with the language measures.
Discussion
The results show that, according to the literature, school performance is related to different cognitive abilities, intelligence Dodonova & Dodonov, 2012; Lemos et al., 2008; Oliveira & Soares, 2011; Spinath et al., 2010) , oral language (Capovilla & Dias, 2008; Dias & Seabra, 2012; Mokhtari & Niederhauser, 2013; Piccolo & Salles, 2013; Skibbe et al., 2008; Tenório & Ávila, 2012) , and EF (Blair & Diamond, 2008; Diamond, 2013; Fonseca et al., 2015; Piccolo & Salles, 2013; Seabra et al., 2014) . Attention was the only one that did not correlate with children school performance. It is likely that in 5th grade, when there are more complex and challenging concepts, attention (a more basic skill), according to a cancellation assessment, is not sufficiently discriminative (or as discriminative as the other skills) among students with better or worse academic performance; it is important to highlight that a nonclinical sample of children was evaluated. Overall, the results show that children with higher level of general intelligence, larger vocabulary and better PA, greater cognitive flexibility, and strong working memory skills tend to have better grades.
Based on this initial finding, the subsequent regression analyses explored explanatory models of school performance based on the cognitive abilities investigated. The first model showed that general intelligence is able to significantly explain the performance of children, which was expected, according to the review of previous studies in this area Lemos et al., 2008; Dodonova & Dodonov, 2012; Oliveira & Soares, 2011; Spinath et al., 2010; Zampieri et al., 2012) . It is important to remember that the study sample did not include participants with intellectual disabilities; therefore, the analyses took into account the less extreme variations in this skill. Thus, general intelligence, when evaluated isolatedly, was a significant predictor of students' performance at the end of the 5th grade.
After controlling the effect of intelligence, the inclusion of language skills and EF increased the explanatory power of the model, showing that both domains make unique contributions to school performance. It is worth highlighting, however, that with the inclusion of language variables (model 2a) the contribution of intelligence was no longer significant, i.e., PA and vocabulary, in that order, were better predictors of school performance than intelligence in the sample studied. This finding may be related to the age and educational level of the Models: 1 -intelligence only; 2a -control for intelligence and inclusion of oral language; 2b -control for intelligence and inclusion of executive functions;
3 -control for intelligence and inclusion of language and executive functions. participants. In other words, oral language in general, and, specifically, PA and vocabulary are important predictors (regarded as precursors) of reading proficiency (Capovilla & Dias, 2008; Cutting et al., 2009; Dias & Seabra, 2012; Kairaluoma et al., 2013; Mokhtari & Niederhauser, 2013; Scarborough, 2009; Seabra & Dias, 2012a; Skibbe et al., 2008) . Reading skills, in turn, are developed during the elementary years (EF-I in Brazil), and they are also related to school performance . Therefore, it is possible that the reading skills
were not yet consolidated in this sample of 5th graders and can be mediating this result. In older students, who already have good reading skills, this ability, and consequently oral language abilities, may exert a less significant effect on school performance.
Accordingly, although there is evidence that the PA is a predictor of reading proficiency, even in adolescents (Kairaluoma et al., 2013) , its relationship with school performance found in the present study was stronger than expected. Thus, it is possible that reading proficiency (in terms of word recognition)
was not yet fully developed in the sample studied, which would explain the still major role played by PA in the performance of those students. This fact may reflect a sampling bias or a problem in most Brazilian schools, where children reach the last grade of elementary school (EF-I in Brazil) without complete mastery of the written code. Another hypothesis is that the PA measure used has other requirements, which will be discussed further ahead.
Another noteworthy finding is related to the contribution of EF to the model. As expected, there was a unique contribution of EF to school performance, showing that these skills are indeed of great importance for the learning process (Blair & Diamond, 2008; Diamond, 2013; Fonseca et al., 2015; Seabra et al., 2014) . Cognitive flexibility, proved to be specially linked to school performance. This may suggest that the students which are more able to handle two or more sources of information simultaneously (such as paying attention to the teacher while taking notes) or those who are able to consider different approaches (e.g., trying different alternatives to solve a problem) are those who get better grades.
Comparing the contributions of oral language and EF, it was observed that the initial inclusion of language skills generated a model with higher explanatory power (model 2a) than that of the model with the initial inclusion of the EF skills (Model 2b). Moreover, in third step of the regressions, when all skills were included, working memory did not have a significant contribution to the final model, as it was expected (T. Alloway & Alloway, 2010) . One explanation for this finding is a possible overlap of the measures used, i.e., the PA tasks require, to some extent, processing or mental manipulation of information (for example, when blending the sounds /g/, /a/, /t/, /o/, the child needs to hold all of these sounds in memory and blend them to form the word "gato", in Brazilian Portuguese. Similarly, in English it would be blending /c/, /a/, /t/ to form the word "cat"). Thus, it is likely that PA mediates part of the auditory working memory load related to school performance. This hypothesis is confirmed by analyzing model 2b, in which, before the inclusion of the language skills, auditory working memory contributed significantly to school performance prediction. Model 3, therefore, includes (possibly embedded in PA) the working memory load.
It is worth highlighting that although the final model is able to explain 66% of the variance in school performance, there is still some unexplained variance. In other words, approximately 44% of the variance in school performance could not be explained by intelligence, oral language, and EF. This result supports the conclusion reported by Oliveira et al. (2009) that there are many cognitive components involved in the learning process and thus in school performance. Future studies should explore other possible variables that can explain student performance.
Therefore, the present study provides evidence that although general intelligence is related to school performance, oral language and EF seem to have a greater contribution to the performance of students at the end of elementary school (EF-I in Brazil). At this school level, in which the basic academic skills are still being consolidated, children with better PA, vocabulary, and cognitive flexibility skills perform more competently at school and get higher grades. However, it should be pointed out that the present study had some limitations such as small number of participants, evaluation of only one school grade, and type of school. Thus, caution is required in generalizing the findings since aspects of the development and specific demands of the school grade investigated can influence these results. Therefore, future studies should extend this research to encompass different age groups and grade levels. Another limitation is related to the variables selected for this study, especially oral language, since PA and vocabulary may have greater effect during earlier grade levels. Accordingly, it is important that future studies extend these findings and investigate the role of other skills, such as syntactic and discourse skills, in school performance. Despite these limitations, the results found lead to the development of some hypotheses that can be tested in future research, such as that better oral language skills could lead to greater reading proficiency, and that greater cognitive flexibility will help students adequately cope with the demands of school work, resulting in higher grades.
Experimental studies should confirm this assumption; however these findings can assist in the design and implementation of intervention programs aimed at promoting cognitive development and impacting school performance. Thus, in addition to intelligence, these programs should include the promotion of language and executive skills. Similarly, the evaluation of these skills can be used to identify children that are at risk of school failure. These issues can be addressed and more extensively explored in future research.
Final Considerations
Given the evidence of poor performance of Brazilian students, the present study can provide a useful contribution to this area of research and to teachers and other professionals involved in education by identifying important skills related to school performance at the end of elementary school (EF-I in Brazil). This study showed that intelligence, oral language, and EF are associated with school performance. Moreover, it was also found that oral language, more specifically PA and vocabulary, and EF, especially cognitive flexibility, are stronger predictors of school performance of 5th graders than intelligence. Thus, it can be said that these skills should be the target of intervention programs during the first years of formal schooling. This becomes even more interesting due to the availability of intervention programs to promote these skills, including in Brazil (Dias & Mecca, 2015) . Accordingly, it is suggested that professionals devote closer attention to the stimulation and development of these skills. As for the researchers, new research questions are proposed for future studies: (e.g., Can other language skills, such as discursive skills, more complex ones, be more strongly associated to school performance? What skills are the most important and in which levels of education? Which are the long-term effects of stimulation of language and executive skills in childhood?). A more extensive body of evidence can, in the future, guide the development of public policies and practices to promote cognitive development and, consequently, impact student performance.
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